utilization tests were performed by the methods of Shirling and Gottlieb. 8 For determination of morphological characteristics, the strain was incubated at 28 1C for 14 days, then morphologically examined using light and scanning electron microscopy (Hitachi S-2600N, Hitachi High-Technologies Corp., Tokyo, Japan). Color determinations were referenced against the Methuen Handbook of Color (Methuen London Ltd., London, UK). Growth temperature was determined on ISP medium 4 at 5, 13, 15, 20, 25, 28, 30, 32, 34, 35, 36, 37 and 38 1C, while tolerance to sodium chloride was determined on yeast extract-malt extract agar (ISP medium 2) with 0, 4, 7, 10 and 13% of sodium chloride.
Amino acids in cell wall hydrolysates, cellular fatty acids, menaquinones and G þ C content of the genomic DNA and DNA-DNA reassociation value were determined at TechnoSuruga Laboratory Co., Ltd. (Shizuoka, Japan). Amino acids, menaquinones and G þ C content were analyzed by high-performance liquid chromatography. Cellular fatty acids were analyzed using the standard MIDI system. Whole-cell sugar composition was determined by Thin Layer Chromatography, following the method of Hasegawa et al. 9 Polar lipids were analyzed by two-dimensional Thin Layer Chromatography method. 10 The 16S rRNA gene sequence of the strain was determined in our previous study (Accession no.; AB217600). 4 Homology search was performed using the FASTA program. 11 DNA sequence data was downloaded from the NCBI web site (http://www.ncbi.nlm.nih.gov/). BLAST search 12 was performed at the DDBJ web site (http:// www.ddbj.nig.ac.jp/). Validity of bacterial names was referenced against the List of Prokaryotic Names with Standing in Nomenclature (http://www.bacterio.cict.fr/). The phylogenetic trees were constructed with 68 closest valid species using the neighborjoining 13 or maximum-parsimony methods 14 in CLUSTAL X 15 or MEGA package. 16 Strain 9993 T grew well on ISP medium 4 and ISP medium 2. The color of the substrate mycelium was pinkish white to grayish orange. The strain produced a grayish aerial mycelium abundantly on ISP medium 4, and moderately on ISP medium 2. It formed flexuous spore chains composed of 410 smooth surface spores (Figure 1 ). The shape of spores was cylindrical, 0.5-0.7 mm in diameter and 0.7-0.8 mm in length. It showed weak or poor growth on oatmeal agar (ISP medium 3), glycerol-asparagine agar (ISP medium 5), peptone-yeast extract-iron agar (ISP medium 6) and tyrosine agar (ISP medium 7). No or very few aerial mycelia were observed on these media.
Strain 9993 T did not produce melanin or any other soluble pigments in the media tested. Growth occurred at 15-35 1C and optimum growth was observed at 28 1C. No aerial mycelia were observed at 35 1C. Strain 9993 T showed weak growth and different morphology on ISP medium 2 with 4% of sodium chloride from that with 0%. After 1-week incubation, the strain showed green colonies with a colorless edge, without aerial mycelium. Further, the colonies turned black in color after one more week of incubation, forming Micromonospora-like colonies. No growth was observed with 7%. Other physiological characteristics are given in Table 1 and in the species description.
LL-Diaminopimelic acid, glycine, glutamic acid and alanine were detected in cell wall hydrolysates, and glucose was detected as wholecell sugar but mannose, ribose, rhamnose, galactose, arabinose, xylose and madurose were not. These results are typical of cell wall chemotype I. 17 The major cellular fatty acids were iso-C 16:0 (21.67%), iso-C 15:0 (13.16%), C 16:1 cis-9 (11.96%) and C 16:0 (10.57%). Phosphatidylethanolamine and diphosphatidylglycerol were detected as major phospholipids. The major menaquinones were MK-9 (H 8 ) (86.6%) and MK-9 (H 6 ) (8.0%). The DNA G þ C content of strain 9993 T was calculated to be 72.4 mol%. These chemotaxonomic characteristics of the strain agreed with those of the genus Streptomyces.
FASTA homology search result revealed that the closest species to strain 9993 T was S. clavuligerus NBRC 13307 T (Accession no.; AB184343). The 200 highest-scored sequences of the FASTA search were examined to exclude invalid species and redundancies. Finally, 45 species with similarity values to strain 9993 T ranging from 98.38 to 97.16% were selected. Thirty-three species with similarity values ranging from 97.93 to 96.62% were selected from the 200 highestscored sequences of the BLAST search using same procedure. Ten species were common between the FASTA and BLAST results, so 68 sequences of valid species of the genus Streptomyces were used for further phylogenetic analysis. The neighbor-joining and maximum-parsimony phylogenetic trees on the basis of almostcomplete 16S rRNA gene sequences of strain 9993 T and the selected 68 valid species indicated that strain 9993 T did not form a reliable cluster with any valid species (Figure 2) . The similarity value between strain 9993 T and S. clavuligerus NBRC 13307 T was 98.38%. The average value of DNA-DNA reassociation between strain 9993 T and NBRC 13307 T was 12%, which is consistent with Stackebrandt's theory. 18 This result thus strongly indicates that strain 9993 T does not belong to any known species. This conclusion was supported by differences in some phenotypic characters between strain 9993 T and S. clavuligerus. 19 S. clavuligerus had a club-shaped side-branching chain, which is uncommon in the genus Streptomyces, while strain 9993 T had a branchless flexuous chain. Gelatin liquefaction was positive for strain 9993 T . These characteristics did not agree with those of S. clavuligerus. Utilization of dexran, D-fructose, galactose, lactose, D-melibiose and sodium propionate differed between strain 9993 T and S. clavuligerus NBRC 13307 T (Table 1) .
Although 'S. tsukubaensis' NRRL 18488 is a patent strain, we consider that it is worthwhile to mention the relationship between strain 9993 T and NRRL 18488 because the biosynthetic gene cluster for tacrolimus of NRRL 18488 is already available, 6 and the genome sequence project of NRRL 18488 is now ongoing. 20 and cellulose decomposition are negative. Major menaquinones are MK-9 (H 8 ) and . Major phospholipids are phosphatidylethanolamine and diphosphatidylglycerol. Major cellular fatty acids are iso-C 16:0 , iso-C 15:0 , C 16:1 cis-9 and C 16:0 . The cell wall contains LL-A 2 pm, glycine, glutamic acid and alanine. Contains glucose as a whole-cell sugar. The DNA G þ C content of the type strain is 72.4 mol%. The type strain, 9993 T ( ¼ NBRC 108819 T ), was isolated from soil from Mount Tsukuba, Japan, and produces the immunosuppressant tacrolimus.
